This paper initially reviews the current empirical literature on the Euro exchange rate. We consider the relationship between the euro and other floating currencies in terms of excess returns on bond markets and also the relationship between the euro-dollar and the US and European equity markets. One novelty in the paper is to consider the variation in the euro-dollar rate from an international capital asset pricing model (CAPM) perspective. The second new innovation is to use a kernel weighted time varying parameter regression approach which allows structural parameters and risk premium terms to evolve over time. We find evidence that the euro-dollar rate is substantially influenced by equity markets in the US and in the Eurozone.
Introduction
Despite the existence of the Euro since 1999 and the great policy issues surrounding its performance and behavior, there have been surprisingly few econometric studies of the euro exchange rate. However almost sixteen years of floating exchange rate data now exists and allows some of the basic long run theories of exchange rate determination to be assessed and tested.
This seems especially relevant given the discussion in de Grauwe (2016), which provides substantial background information on the history and political economy of the euro exchange rate. As noted by de Grauwe (2016), there have been several periods of turbulence in the Eurozone that has led to substantive concerns that the European Monetary Union (EM U ) would not survive. As is well known in the study of international finance, the history of fixed exchange rates and monetary unions does not provide much optimism for the long term survival of the EM U . This is in the context that the current EM U has existed sixteen years, while the Bretton Woods system, which was one of the longest lasting managed regimes, lasted from 1944 through the early 1973. However, EU officials and policy makers have frequently in recent times appeared sanguine about the status quo of the euro and have stated that the worst of the euro crisis has now ended. They have appeared to take comfort by the ostensibly lower levels of turbulence and volatility in the euro exchange rate and associated bond markets since 2014. This has been attributed to institutional changes of tighter fiscal policies and the reduction of imbalances within the banking sector since the sovereign debt crisis of 2008. The article by de Grauwe (2016) provides a less optimistic view and considers the distinct possibility that the occurrence of the sovereign debt crisis combined with poorly designed fiscal policies are primarily responsible for the continuing low growth performance of the Eurozone. Furthermore the levels of accumulated debt may well herald a new era of possible crisis for the euro rate.
This current study to some extent complements the mainly fiscal explanations provided by de Grauwe (2016), and we investigate some alternative asset pricing explanations of instabilities and crises of the euro-dollar rate. We focus on some of the asset market linkages and the interactions between equity, bond and currency markets. One of the motivations for this analysis is in terms of an international CAP M , or I CAP M framework where the excess returns on the Eurozone equity market is related to the excess returns on the market as described by the US equity returns. In keeping with the CAP M we include other various factors which include volatility of returns in both US and European equity markets. One novelty of the work is that both daily and monthly econometric analysis is performed and the kernel weighted regression methods with time varying parameters turn out to be particularly useful in identifying periods of instabilities and crisis in the Eurozone. Some of the results suggest subsequent macro factor analysis to identify and investigate the causes of crises and instabilities.
The plan of the rest of the paper is as follows: the next section summarizes some of the existing empirical work on the euro and the standard monetary model and purchasing power parity theories. Section 3 examines some of the empirical regularities and features of the excess euro -dollar returns vis-à-vis the bond markets and also vis-à-vis the inflation differentials. The use of the time varying parameter model is forcibly illustrated at this point since there is clearly considerable parameter variation over time. Some of the variation is directly attributable to the financial market crisis events. Then section 4 of the paper develops the idea of the possible use of the I CAP M in the context of modeling the euro-dollar exchange rate. These models are again estimated from a time varying parameter approach for both daily and monthly data.
There appears to be some relatively strong interactions between both the US and European stock markets on the euro. These interactions became particularly strong in 2009 around the financial crisis and lasted for about four years. Section 5 summarizes the findings and offers brief suggestions for future research.
Previous Empirical Studies of the Euro
As previously mentioned, surprisingly few econometric studies of the euro exchange rate have appeared in the literature. Undoubtedly a primary reason for this has been the lack of substantial data and we briefly summarize some of the relatively few other empirical studies in this area. Several articles have taken a bits and pieces approach to analyzing component features of the basic model for the euro. In particular, it is possible to use data before the introduction of the euro when the European Monetary System (EM S) existed between 1979 and 1993 and was based upon a policy of having target rates against the Deutschmark, with relatively frequent realignments and devaluations of other currencies when deemed necessary. These policies of trying to maintain a band of the floating exchange rates were designed to achieve convergence to the single currency, which was eventually achieved in January 1999. This occurred despite occasional severe crises, such as the one in September 1992 when the UK pound and Italian lira were forced to leave the EM S and again in September 1993 when the French franc suffered a sustained depreciation and the EM S bands were widened to plus or minus 15% to accommodate extreme volatility within the European currency market. An obvious area of interest is to construct an artificial, or synthetic euro series before 1999 to join with actual data since 1999, and to hence form longer data series. Lopez and Papell (2007) use such an approach to generate data before 1999 when the informal EM S was in operation and considered the convergence towards purchasing power parity (P P P ) within the Eurozone and between the Eurozone and its main partners using panel data methods. They generally rejected the hypothesis of a unit root in the Eurozone real exchange rates, and therefore find evidence of long run convergence towards P P P . This was found to hold for different numéraire currencies, as well as in the Eurozone plus the United States with the dollar as the numéraire currency, starting between 1996 and 1999. Hence these authors found evidence that the process of convergence towards P P P U S and Euro GDP annual growth rate in addition to the exchange rate. In this way the foreign exchange market, the money market and the goods market, are modelled jointly. The authors estimate a V ECM from monthly data from 1990 through 1999, which also includes the former EM S, or "snake" in the estimation period. The models include a structural break in September 1992 and there is some doubt as to whether there are really three cointegrating relationships in the model which includes the synthetic artificially generated euro series beginning in 1990.
There are several other studies considering the euro and non standard fundamentals; see Camarero and Ordonez (2012) , who analyze the influence of productivity differentials on the real dollar-euro exchange rate. They use EST AR models during the period 1970-2009 and find that the dollar-euro real exchange rate shows nonlinear mean reversion towards the fundamentals represented by the productivity differential.
The Euro and Bond Markets
As is well known, there has been a general lack of success of macro fundamental models of exchange rate determination. Many of the points concerning the macroeconomic aspects of the euro are to be found in de Grauwe (2016). For this reason we concentrate in this paper on the linkages between asset markets to throw light on the behavior of the euro exchange rate.
There are many aspects to the asset market behavior of the euro currency which are necessary to consider in the formulation of an international CAP M approach. We first consider the euro in relation to bond markets in different countries or regions. In the following we define s t+1 as the natural logarithm of the spot exchange rate at time t + 1 which is the number of units of foreign currency per one Euro, while i t is the domestic nominal interest rate, and an asterisk denotes a foreign equivalent. Finally, E t is the conditional expectation based on a sigma field of information available at time t.
While uncovered interest rate parity is a fundamental relationship for floating exchange rate regimes, there appears to be no existing detailed analysis of this for the euro exchange 
for k = 1; so that the sampling interval exactly matches the time period of the forward contract.
One of the highlights of the Baillie and Cho (2014) study was the finding of temporal variation in the estimated t slope coefficient for currencies vis-à-vis the U S dollar. Baillie and Cho (2014) did not consider the euro in their study, and this article extends their analysis to the case of the euro exchange rate against the currencies of Australia, Canada, Denmark, Japan, New
Zealand, Norway, Switzerland, UK and the US with the euro as the numéraire currency. The data is monthly for spot exchange rates and one month forward exchange rates, and is obtained from Datastream. The estimation period is from January 1999, which is the first month of the formation of the euro, through September 2015, which provides a total of T = 201 monthly observations. A full description of the econometric technique is to be found in Baillie and Cho (2014) and their approach utilized and moderately extended some recent results on time varying parameter (T V P ) autoregressions due to Giraitis, Kapetanios and Yates (2014, 2015) . The methodology for this paper is quite similar except for calculation of covariance matrices adjusting for moving average and heteroskedastic error processes. These issues are relevant for some of the daily data which are used in this paper. A very brief summary of some of the new results is provided in the appendix of this paper.
In order to appreciate the properties of the various^ t for each currency, figure 1 shows the time plots of the estimated slope coefficient, while a summary of the number of the statistically significant violations of U IP , above and below the generated 95% confidence intervals for each time period, are summarized in Since the U S is the other country identified in the upcoming I CAP M section of this paper, it was decided to focus on some analysis of daily returns data. Hence figure 2 documents the time paths of daily^ t derived from the model for daily euro-dollar excess returns from U IP given by the model in equation (1), where now k = 21 to allow for 21 working days in each month and in the forward contract. In this case the autocorrelation structure of the error term is replaced with E(u t u t+j ) = 0, for j > k: This restriction is used to provide appropriate consistent covariance matrix of the estimated T V P regression coefficients, which is described in the appendix. The sample size is T = 4; 368 and the bandwidth parameter is H = 66.
The estimated t parameter for the excess returns over U IP for the euro-dollar becomes excessively volatile after 2010 with strong reversals of U IP . Figure 2 graphically illustrates the increasing degree of uncertainty and high variability of^ t towards the end of the sample period.
This confirms the findings in table 1 that the behavior of^ t is quite different for the U S dollar compared with the other currencies. It appears that uncertainty following the financial crisis is especially relevant for the euro against the U S dollar.
The next possibility considered was that the euro-dollar rate was directly influenced by the performance of the U S and European equity markets through direct capital flows for equity investments. In the following, EST OXX denotes a variable measuring the returns on the domestic (European markets) and S&P denotes returns on the U S equity market. 1 The data is both monthly and daily for the S&P 500 index and EU RO ST OXX 50 index, and is also obtained from Datastream. Hence we estimate the T V P kernel weighted regression of
from monthly data and the results are reported in table 2 and figure 3. It is interesting to note that the time plot of the estimated t does not fundamentally change very much following the introduction of the other two equity market return variables. However, the number of periods where U IP is rejected are approximately 25% of the time in equation (1) and only 7% of the observations in equation (2) . The probable reason is that the presence of the two equity return series reduces the excess returns over U IP and could be proxying some form of time dependent risk premium on the euro-dollar rate. However it should also be noted that the variability of the estimated t again increases considerably from 2012 onwards.
Most theories of time dependent risk premium generally use some measures of volatility. For monthly data analysis we use the standard V IX measure of overall market volatility. change with the introduction of a further explanatory variable measuring the overall financial market volatility, the V IX. In particular,^ t represents the effect on the euro-dollar rate of a change in returns on the U S S&P 500 equity market. The parameter^ t is generally positive and significantly different to zero coefficient, which implies that an appreciation of the U S stock market is related to a euro depreciation vis-à-vis the U S dollar. This would be consistent with generally high returns on the S&P 500 leading to an increased demand for U S $ to invest and funds flow out of the Eurozone to buy $ denominated assets. Similarly the path of the estimated t indicates that increased returns on EU ROST OXX in the Eurozone lead to an appreciation of the euro, which is consistent with increased demand for euros being motivated by an increase demand to purchase Eurozone equity assets.
It is important to acknowledge that the equation (2) is essentially a reduced form equation.
Also, since the returns are all close to being serially uncorrelated, any V AR analysis is not very helpful. A corresponding equation linking equity market returns to the euro rate is from the I CAP M in the next section.
The Euro in an International CAPM Formulation
As previously discussed, this paper concentrates on the linkages between asset markets and the euro. It should be noted that using the concept of I CAP M is not a new idea and has been around in the exchange rate literature since Frankel (1982) , Frankel and Engel (1984) and Engel and Rodrigues (1989). These studies typically allowed the ex post rates of return to vary freely, but restricted the portfolio to only consist of different currencies and for the supply of each asset to be measured as cumulated government debt. As noted by Frankel (1982) and Engel and Rodrigues (1989) , this approach is quite limited due to data availability issues. Our framework is considerably more general in that we take into account portfolios to include bonds and equity returns. The study by Engel and Rodrigues (1989) considers the ex post rate of return on a currency which is defined as y t+1 = (1 + i t )S t+1 =S t , where S t is the level of the nominal eurodollar exchange rate, and is also be deflated by the relative price levels in each region. Then
where E t (z t+1 z 0 t+1 ) = B t where z are fundamentals and risk factors considered to be associated with the euro currency and t are factor loadings. The standard I CAP M imposes the restrictions that t = is constant.
In our formulation we impose a flexible auxiliary I CAP M formulation as the maintained hypothesis. It was previously seen that there are apparent discontinuities in the relationship with the bond markets and the euro. The usual linkages with equity markets most readily occurs via the discrete time intertemporal CAP M which can be expressed as
where R i;t+1 is the return on the ith asset between periods t and t + 1, while R f;t+1 denotes the risk free rate and is clearly known at time t, and z t+1 denotes the innovation in the state The second term in equation (3) is intended to represent a source of risk that Cov t (R i;t+1 z t+1 ) predicts future market returns. If the coefficient > 0 then an asset covaries positively with changes in the state variable and hence is positively correlated with future market expected returns.
In the context of our application based around the I CAP M the variable (R i;t+1 R f;t+1 )
is defined as the difference between the return on the Euro equity market and the Euro risk free rate. Similarly, the variable (R M;t+1 R f;t+1 ) is defined as the difference between the return on the US equity market and the US risk free rate. Possible further adjustments due to inflation differentials were not justified empirically. If the asset (exchange rate) does not provide a hedge against future negative shocks in the form of investment wealth then it offers low returns when future aggregate returns are also expected to be low. Hence a rational investor will only hold the asset (currency) if it offers an expected return in excess of the risk free rate.
When the model is pricing a set of assets in the cross section the state variable is positively correlated with the future aggregate returns and > 0.
One of the potential attractions of the international CAP M is that it provides justification for the presence of state variables in terms of factors and as described by Fama (1991) is tantamount to providing a "fishing licence" for exploring sometimes arbitrary factors. However, from an international perspective when dealing with a currency this issue is perhaps easier to justify in terms of fundamentals and flows of capital between equity markets in different regions.
We consider estimation of the I CAP M from the European perspective with the EST OXX variable measuring returns on the domestic (European markets) and with the S&P 500 returns on the US equity market representing the "market" part of the CAP M formulation. This seems a reasonable assumption given the size and importance of the U S equity market within the world market. Also, this approach allows us to develop some simple theories to be developed between the U S and Eurozone markets and hence relate to the euro-dollar exchange rate. In the following we also take the U S T-Bill as the risk free rate to construct the (R M;t+1 R f;t+1 ) series. The equivalent or corresponding quantity for the Eurozone is less clear but we take the The other interesting aspect of the I CAP M formulation is that it allows for the presence of other factors, or state variables. Hence we use the V IX as an overall measure of risk and uncertainty and also the conditional variances of equity returns from both the U S and Euro-pean markets. This could potentially be extended to other factors. The momentum factor due to Carhart (1997) is popular in many domestic traditional Fama -French factor models. Our use of the T V P regression approach corresponding to variables including volatility can be interpreted as a form of momentum once it is included as a factor. To implement the concept of factor momentum we also report estimates of the I CAP M from daily data in the lower panel of figure 5 below the corresponding analysis of the monthly data for the similar model.
The application of the T V P methodology to the I CAP M generates parameter time paths that are represented in figure 5 for both monthly and daily data. The estimated t which measures how the price of euro denominated stocks covaries with the market returns and as expected is seen to earn a positive risk premium over the market rate for both the models from monthly and daily data. The estimated t is always positive and generally, but not always, less than one. The inclusion of the additional factors is generally not found to make any significant difference to the estimated t . There is the possibility of using other "factors" such as in the study by Coudert and Mignon (2013) , who use credit default swaps as a proxy for sovereign debt risk. Overall, our results indicate a link between the US and European equity markets and also the euro-dollar exchange rate.
Conclusions
This paper provides a review of the econometric work that has accumulated so far on the Euro -U S dollar exchange rate and to investigate possible reasons for the crises that have occurred. We concentrate primarily on the relevant asset markets that interact with the euro dollar exchange rate. Most of the empirical work in the paper uses the kernel weighted time varying parameter regression approach. This method has the advantage of allowing neat descriptions of variation in the structural parameters, some of which are directly associated with risk premium terms. We find evidence of substantial departures from parity conditions in the bond markets with significant positive and then negative excess returns over uncovered interest parity for some years after the 2008 financial crisis. We then estimate a time varying parameter model of a variant of the international CAP M , or I CAP M . Much of the variation in the euro-dollar rate seems to be related to the variations in returns and their volatilities within both the US and European securities markets. Overall, our results indicate a link between the US and European equity markets and also the euro-dollar exchange rate.
One novelty of the work is that both daily and monthly econometric analysis is performed and the kernel weighted regression methods with time varying parameters turn out to be particularly useful in identifying periods of instabilities and crisis in the Eurozone. Some of the results suggest subsequent macro factor analysis to identify and investigate the causes of crises and instabilities.
There is the possibility of further work to identify changes in macro fundamentals or sources of exogenous risk which affect the I CAP M framework. The search for more factors is a possible area for future research.
Appendix: Kernel weighted regressions and the TVP Approach
There are many possible approaches at estimating t , the regression, and in the context of estimating the T V P regression in equation (7), the general T V P regression can be expressed as
with t being a bounded random walk, and in the context of equation and x 0 t represents the explanatory variables. In general the kernel weighted regression estimator for t iŝ
we use a similar approach by a kernel weighted regression and is a modification of the work on autoregressions by Giraitis, Kapetanios and Yates (2014) who assume that the TVP in an AR (1) model follow a rescaled random walk, and where fa t g is a non stationary process which defines the random drift, and 1 < < 1. However, in this context t is a standardized version of a t so
It is assumed that a t = a t 1 + w t which is a driftless random walk, where w t is a stationary process with zero mean. If w t is white noise then the process is identical to that of Cogley and Sargent (2005) . Following Giraitis, Kapetanios and Yates (2014), it can be assumed that it is a general stationary process with possible slow hyperbolic decay in its autocorrelation function.
They show that the coefficient process f t ; t = 1; :::; T g converges in distribution as T increases to the limit f t ; 0 1g ! D f W ; 0 1g. Giraitis, Kapetanios and Yates (2015) have extended this to the multivariate situation and following Baillie and Cho (2014) , the approach for estimating the T V P is to take^
where K( t k H ) is a kernel and is a continuously bounded function. For example the Epanechnikov kernel with finite support and the Gaussian kernel with infinite support are potential candidates. Then,
If the bandwidth is o p T 1=2 , then the term
Hence it is satisfactory to focus on the term P j=1 w jt x j x 0 j 1 P j=1 w jt x j u t . One expression for the estimator of the variance of the T V P if u t is homoskedastic is given by
. If u t is heteroskedastic then the covariance matrix of the T V P parameter estimates is given by
Similarly, an extremum estimator of the form Figure 3 In Figure 4 Model 
